
1. Introduction

The introduction of non-vitamin K antagonist oral anticoagulant

(NOAC) had an enormous impact on the primary and secondary pre-

vention of acute ischemic stroke in the setting of nonvalvular atrial

fibrillation (NVAF). However, a large number of patients who were

known to have NVAF before the stroke did not receive proper pre-

ventive treatment. Compared with strokes in patients without atrial

fibrillation (AF), strokes in patients with AF are more often disabling,

involve a larger vascular territories, and have a higher mortality

rate.1,2 In addition, patients who underuse NOAC may experience

more severe strokes and worse outcomes than patients who use the

recommended dose.3,4 The purpose of this study was to evaluate

the rate and determinants of anticoagulant therapy in patients with

known AF before stroke and to determine its association with stroke

severity and functional outcome since the introduction of NOAC in

clinical practice.

2. Methods

This registry-based prospective cohort study retrospectively

analyzed patients with acute ischemic stroke with NVAF admitted to

our hospital between December 1, 2012, and December 31, 2016.

We included patients with: (1) diagnosis of NVAF known prior to the

index event; (2) available information about anticoagulation therapy

prior to and after stroke onset; and (3) follow up for at least 3 months

or longer after the index event for the functional outcome. The fol-

lowing patients were excluded: (1) missing information on anti-

thrombotic treatment before the index event; and (2) lost to follow

up (Figure 1).

The following clinical data were collected: age, gender, body

weight, smoking, creatinine clearance (calculated using the Cock-

croft-Gault equation),5 type of AF (paroxysmal or sustained), vascu-

lar risk factors (hypertension, diabetes mellitus, and dyslipidemia),

and past medical history (stroke, congestive heart failure, and coro-

nary heart disease). The CHA2DS2-VASc score was calculated for each

patient as previously described6 with the index stroke not counted as

“history of ischemic stroke”. Stroke severity on admission was as-

sessed using the NIHSS score.7 Severe stroke was defined as NIHSS �

11 points.8 All patients had a non-contrast computed tomography

(CT) on admission and underwent further in-hospital magnetic reso-

nance imaging (MRI). In addition, all patients had 12-lead electrocar-

diogram and 24 hours Holter monitoring. The cardiologists confirm

the diagnosis of AF. Transthoracic echocardiography was used to

measure the diameter of left atrium in all patients.

We recorded the anticoagulation treatment before the stroke

and after the index event. Preceding antithrombotic treatment was

determined and defined as receiving antithrombotic treatment

within 7 days before the index event. For the purpose of this study,

we divided patients into 2 groups according to antithrombotic me-

dication prescribed before the index event: therapeutic (standard
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(7.4 � 6.6 vs. 10.8 � 8.4, p = 0.01), shorter length of hospital stay (13.1 � 9.7 vs. 18.8 � 13.6, p = 0.01), and

higher rates of good functional outcomes at discharge (40% vs. 25.1%, p = 0.01) and at 90 days (60% vs.

39.4%, p = 0.02). Lower CHA2DS2VASc score (3.5 � 2 vs. 4 � 1.5, p = 0.01), younger age and male gender
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Conclusion: In patients with atrial fibrillation, oral anticoagulant therapy after the era of non-vitamin K
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sociated with increased stroke severity and disability.
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dose of NOAC) and non-therapeutic (underdose of NOAC, only anti-

platelet and no antithrombotic). The prescription dose of NOAC was

evaluated based on the manufacturer’s labeling recommendations

in Taiwan. The criteria for the standard doses of different NOAC dif-

fer according to age, body weight, renal function, and concomitant

medications. Underdose of NOAC is defined as the use of off-label

doses in patients who do not meet the dose reduction criteria. Pa-

tients treated with antiplatelet agents with a CHA2DS2-VASc score of

� 2 were considered inadequately treated according to the current

guidelines.9 We also collected data on oral anticoagulant prescrip-

tions after the index stroke and at hospital discharge. However, rea-

sons why anticoagulant therapy was not prescribed before and after

the stroke were not obtained in this study. We recorded the length of

hospital stay for the index stroke. Functional outcomes at hospital

discharge and 90 days after admission were evaluated using the

modified Rankin Scale (mRS).10 Patients with an mRS score of 0 to 2

were classified as having a good functional outcome, while those

with an mRS score > 2 were classified as having a poor functional

outcome. This study was approved by the Institutional Review Board

of MacKay Memorial Hospital, and the requirement for informed

consent was waived.

Statistical analyses were performed using a commercially avail-

able software package (IBM SPSS version 26.0). We used indepen-

dent-sample t-tests for continuous variables and chi-square or Fisher’s

exact tests for categorical variables to compare the clinical character-

istics between the two groups. Using a binary logistic regression

model, we determined the factors associated with the severe stroke

on admission, and poor functional outcome at discharge and 90 days

after admission. Odds ratios (OR) and 95% confidence intervals (CI)

were calculated. All reported p-values are based on a two-tailed test,

and p < 0.05 is considered statistically significant.

3. Results

Among 511 patients with NVAF who experienced an acute is-

chemic stroke, 243 (47.6%) had a medical history of AF before the

index stroke while 268 (52.4%) had no history of AF, and AF was

detected after the index ischemic stroke (Figure 1). Of 243 patients

who had a history of AF (mean age, 76.6 � 11.1 years; 53% women),

203 (83.5%) were not receiving therapeutic anticoagulation prior to

stroke, and 40 (16.5%) were receiving therapeutic anticoagulation.

Table 1 describes the baseline characteristics of 243 patients with

known AF before the index stroke. There was a significant difference

in mean age between the two groups classified based on prior anti-

thrombotic drug use (p = 0.017; Table 1). The mean age of patients in

the non-therapeutic group (77.3 � 10.6 years) was higher than that

in the therapeutic group (72.8 � 12.9 years). Patients receiving thera-

peutic anticoagulation were less likely to be female and had lower

pre-stroke CHA2DS2-VASc score (3.5 � 2 vs. 4 � 1.5, p = 0.010). The

proportions of patients with hypertension, diabetes, dyslipidemia,

congestive heart failure, coronary artery disease, previous stroke or

TIA, and smoking did not differ significantly between the two groups.

In addition, no other significant differences were found in the type of

AF and left atrial size.

The severity of the neurological deficits on admission (NIHSS

score), the length of hospital stay, and the mRS score at discharge

and 90 days after admission are presented in Table 2. Initial stroke

severity and length of hospital stay varied with antithrombotic ther-

apy prior to index stroke. Patients receiving non-therapeutic anti-

coagulation had a significantly higher NIHSS score on admission

(10.8 � 8.4 vs. 7.4 � 6.6, p = 0.018) and longer duration of hospital

stay (18.8 � 13.6 vs. 13.1 � 9.7, p = 0.012). We also observed sig-

nificant differences in good functional outcomes at discharge (p =
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Figure 1. Flowchart of the study population showing inclusion and exclusion criteria. NVAF, non-valvular atrial fibrillation.



0.011) and 90 days after admission (p = 0.022). Table 3 shows the as-

sociations of therapeutic anticoagulation and male gender with the

severe stroke at admission and poor functional outcome at dis-

charge and 90 days after admission using binary logistic regression

models. Patients who did not receive therapeutic anticoagulation

had significantly worse functional outcomes after 90 days of admis-

sion than those who received therapeutic anticoagulation. However,

this trend was not observed in poor functional outcomes at dis-

charge in the therapeutic group.

4. Discussion

Non-vitamin K antagonist oral anticoagulant have been increas-

ingly used as an alternative to warfarin for the prevention of is-

chemic stroke in patients with NVAF.11 Despite its proven efficacy

and numerous international guideline recommendations, many pa-

tients fail to receive proper treatment for stroke prevention.12,13

The main finding of this study was that, despite specific indi-

cations, therapeutic anticoagulation was significantly underused

(16.5% [40/243]) in patients with known AF prior to stroke. This find-

ing highlights the inadequacy of current primary and secondary

stroke prevention in patients with NVAF and provides further evi-

dence for subsequent complications. Previous studies of oral anti-

coagulant (OAC) use in AF patients with prior ischemic stroke have

reported OAC use in 15.7% to 29.8%. After the emergence of NOAC,

the use of OAC increased from 22.2% in 2013 to 40.6% in 2018.14–17

Several other studies have reported increased use of NOAC in pa-

tients with AF.18,19 This finding can be attributed to the stable phar-

macokinetic profiles and no need for blood monitoring as well as the

efficacy and safety of NOAC.20 The high proportion of patients not

receiving appropriate treatment observed in our study may be due

to bias in patient selection, as a stroke is often the result of inappro-

priate treatment.

Consistent with previous findings,16,17,21–24 our study showed

that prior therapeutic anticoagulation in patients with known AF was

associated with a significantly lower stroke severity at the time of

admission. As shown, the NIHSS score at admission had a significant

impact on the mRS score at discharge and 90 days after admission.

Therapeutic anticoagulation before stroke was associated with higher

odds of good functional outcomes compared with patients who did

not receive therapeutic anticoagulation.

In contrast to previous studies,4,25 our study reported that pa-

tients with higher pre-stroke CHA2DS2-VASc scores did not receive

therapeutic anticoagulation. This data reflects the reluctance of phy-

sicians to prescribe adequate oral anticoagulants due to excessive

fear of bleeding events rather than ischemic events.

In line with previous studies,4,17,26,27 our study confirms that

younger age and male gender were factors associated with thera-

peutic anticoagulation use prior to the index stroke in patients with

known AF.

Although the use of standard doses of NOAC is as effective as

warfarin in Asian patients, lower doses of NOAC are more commonly

used in actual clinical practice in Asia.28 Asian patients had a higher

absolute risk of ischemic stroke using low-dose NOAC than non-

Asian patients.29,30 Considering the dose-dependent efficacy of

NOAC, appropriate dose measurements should be performed in

clinical practice.

We speculate that there are several reasons for the underuse of

therapeutic anticoagulation in our study. Advanced age and con-

comitant diseases associated with bleeding risk may be important
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Table 1

Baseline characteristics of 243 patients with known AF before the index stroke based on prior antithrombotic drug use.

Therapeutic Non-therapeutic p-value

No. of patients 40 203

Age, yr (mean � SD) 72.8 � 12.9 77.3 � 10.6 0.017

Female sex, n (%) 13 (32.5%) 115 (56.7%) 0.006

Risk factors, n (%)

Hypertension 32 (80%)0. 173 (85.2%) 0.474

Diabetes 10 (25%)0. 61 (30%). 0.574

Dyslipidemia 25 (62.5%) 127 (62.6%) 1.000

Congestive heart failure 1 (2.5%) 10 (4.9%) 0.697

Coronary heart disease 10 (25%)0. 076 (37.4%) 0.151

Prior stroke or TIA 13 (32.5%) 65 (32%). 1.000

Smoking 11 (27.5%) 035 (17.2%) 0.183

Atrial fibrillation type (sustained versus paroxysmal) 38:2 188:15 0.714

Left atrial size (millimeters, mean � SD) 38.7 � 6.8 38.5 � 6.8 0.813

CHA2DS2-VASc score (mean � SD) 3.5 � 2. 0.04 � 1.5 0.010

Table 2

Stroke severity and functional outcomes of 243 patients with known AF

according to prior antithrombotic drug use.

Therapeutic
Non-

therapeutic
p-value

No. of patients 40 203

NIHSS score (mean � SD) 07.4 � 6.6 10.8 � 8.4 0.018

Length of hospital stay (days) 13.1 � 9.7 018.8 � 13.6 0.012

mRS score of 0–2 at discharge, n (%) 16 (40%) 51 (25.1%) 0.011

mRS score of 0–2 at 90 days, n (%) 24 (60%) 80 (39.4%) 0.022

mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke

Scale.

Table 3

Odds ratios and 95% confidence intervals for antithrombotic therapy before stroke with regard to severe stroke (NIHSS � 11) on admission and poor

functional outcome (mRS > 2) at discharge and 90 days after admission.

NIHSS � 11 on admission mRS > 2 at discharge mRS > 2 at 90 days

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Non-therapeutic 1 [reference] 1 [reference] 1 [reference]

Therapeutic 0.419 (0.194–0.902) 0.026 0.503 (0.248–1.501) 0.057 0.491 (0.247–0.975) 0.042

Male gender 0.394 (0.232–0.670) 0.001 0.386 (0.216–0.692) 0.001 0.362 (0.214–0.612) 0.001



factors in determining antithrombotic therapy in clinical practice.

Another factor most associated with non-prescription of OAC was

previous use of antiplatelet agents. This could lead to physician pre-

ferring the use of antiplatelet agents rather than OAC in patients

with AF.

Our study has several limitations. First, this is a single-center

retrospective analysis, and the findings of this study may not be

generalizable. Hence, these findings must be validated in large multi-

center studies. Second, although the data were collected prospec-

tively, the statistical analysis was retrospective and thus prone to

bias. Third, this study included only NVAF patients who had an acute

ischemic stroke. Patients with NVAF treated with different anti-

thrombotic regimens who did not have an acute ischemic stroke

were not included in this study. Therefore, we were unable to draw

conclusions about the quality of stroke prevention in patients with

NVAF in the general population. Fourth, due to lack of routine anti-

coagulation monitoring of NOAC therapy, it is not possible to esti-

mate medication adherence to NOAC therapy before stroke. Fifth,

information on pre-stroke antithrombotic therapy is missing for

some patients. These patients were excluded from this study, which

may have biased this analysis. Sixth, reasons for not using anti-

thrombotic therapy were not documented. The absence of docu-

mented reasons for non-use does not mean that there are no legiti-

mate reasons for non-use. Undocumented factors (such as previous

bleeding or insufficient patient adherence) influencing the physician

choice of treating individual patients with therapeutic anticoagu-

lation before stroke might be partly affecting the results of our study.

In conclusion, our study demonstrates that, despite the intro-

duction of NOAC in clinical practice, physician preference for OAC

treatment in high-risk NVAF patients has not improved in recent

years. Therapeutic anticoagulation prior to stroke significantly re-

duced stroke severity on admission and improved functional out-

comes at discharge and 90 days after admission.
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